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Supplementary materials and methods
Tryptophan fluorescence and circular dichroism spectroscopy of ProCA1 variants.
The conformational analysis of ProCA1 variants was investigated by tryptophan fluorescence spectroscopy and circular dichroism (CD) spectroscopy. The tryptophan emission range is at 300 -400 nm with its excitation range at 280 nm; free tryptophan is used as a control. The CD spectrum of ProCA1 was obtained by CD spectrums (Jasico, USA). 25 µM of protein in Tris/HCl buffer was loaded into the cell with a 1 mm length. The CD signals were monitored by wavelengths from 190 nm to 260 nm. 25 µM Gd 3+ was loaded in the cuvette to detect the effects on the protein structure.
Molecular modeling and docking studies.
The model structure of ProCA1.B10, ProCA1.G10 and ProCA1.GRPR were generated by I-TASSER. The model structure of GRPR was also generated by I-TASSER based on Neurokinin 1 receptor (NK1R), a protein in the family B of GPCR with the highest homogeneity with identity of 26% and coverage of 85% to GRPR in the primary sequence. In silico docking between GRPR and GRPR-targeted ProCA1 (ProCA1.GRPR, ProCA1.G10 and ProCA1.B10) was performed using HADDOCK based on the interaction pocket for NKIR and the peptide residues Asn3, Val4, Leu5, Asp10, Ile15, Thr17, Thr19, Ser20, and Glu21 1 .
Pharmacokinetic studies.
To further study the pharmacokinetics of ProCA1.GRPR, plasma of mice were collected at different time points post the injection. After the serum was digested with 70% nitric acid, each sample was diluted by 2% nitric acid to 4 ml for ICP-OES analysis. The amount of Gd 3+ in serum at different time points was determined by comparing the intensity of the test sample to 3 the intensity on the standard curve generated using the standard gadolinium solution (HIGH-PURITY TM STANDARDS). A set of calibration standards and QC samples (three concentrations in duplicate) were included in each analysis session to generate a standard curve and to assess assay performance. The two-compartment model was used to calculate the half-life (t 1/2 ) and volume distribution (V d ) of ProCA1 using KaleidaGraph software. 
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